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57 ABSTRACT

The present invention provides a drawing apparatus for
performing drawing on a substrate with a charged particle
beam, including a stage configured to hold the substrate and
be moved, a charged particle optical system configured to
irradiate a plurality of charged particle beams arrayed along
a first axis, and a controller configured to control the
drawing so as to perform multiple irradiation of a target
portion on the substrate with the plurality of charged particle
beams, wherein the controller configured to control the
drawing such that the stage is moved in one direction along
the first axis with respect to a plurality of regions formed on
the substrate along the first axis, and a deflection of charged
particle beam for a displacement of charged particle beam
along the first axis is performed with respect to drawing on
each of the plurality of regions.

7 Claims, 5 Drawing Sheets

SB




US 9,455,124 B2

Sheet 1 of 5

Sep. 27, 2016

U.S. Patent

LINN |
\_ TOYLNOD FOVLS
" " )
g00L | ] Ll
\ 7))
\\ Z LINN ONISSIO0Md
\ \ Z 4 NOILOILAA [
\\ \ | vooL NOILISOd
| 5
N 7 ol
\ \&
2 | s N LINNTONINOD |
401037430 gL~ LINN3OVHOLS LSHl
] _
Sl ] LINN
61 NoISyaANOD YLva
_
LINN TO¥INOD 1INN | |
Il OULN LINN ONISSI00Yd [—H 0/ N dd oy [N 39VHOLS aN0O3S
v v 5 )
€l vl & 0¢
1



U.S. Patent Sep. 27, 2016 Sheet 2 of 5 US 9,455,124 B2

FIG. 2

]

-
o

103

107 |\ ~
[ @

105




U.S. Patent Sep. 27, 2016 Sheet 3 of 5 US 9,455,124 B2

3B
P5
P4
P3
P2

4 P1,

Dose

j kI mn
X P6

FIG.

TARGET CHARGED
PARTICLE BEAM ARRAY
E Position

TIME

[
P1 P2 P3 P4 P5 P6

~
~
\ A -
AN N N
> - A -
~
N

N
“~
Ay N Y Ay
N . N,
~, ~
N N
i N ~ Ny
A
LN LN
a3 Ny <
N
N
N
~
N

3A

N Ny N ~ ~ N,
N Y Y Ay Y Y
(N N (N S N \
Ay A) N Ay A)

FIG.

\

~ Y ~ ~ ~ N

T T
A\ Ay Ay A\ Ay Ay

J
k
I
m
n

3C

FIG.

MOVING DIRECTION
Y



US 9,455,124 B2

Sheet 4 of 5

Sep. 27, 2016

U.S. Patent

ANIL - .
o Ol 4
INNOWY NOILOTT43a
r4=H) sv3
et b3
ANIL = mo*
y a0 !
wy3
\\ F_l_w\.( F_l_w\( Ll'l
S sv3 S
/ zao
\ avaanaumﬁa 79 ¢dd
£ SU
\ €d3] R NOILOTMIO
| 189 TS « ONIAOW
\\ 1890 ov3
\\\ L m
ZHS~ ZHS~
\\ Y
\\ ¥ COO00IT0CANICIIICA00 .
. ALv41S4Nns vy Old
ar ©Il 4 NO NOILISOd



US 9,455,124 B2

Sheet 5 of 5

Sep. 27, 2016

U.S. Patent

.

5B

FIG.




US 9,455,124 B2

1

DRAWING APPARATUS, AND METHOD OF
MANUFACTURING ARTICLE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a drawing apparatus, and
a method of manufacturing an article.

2. Description of the Related Art

A drawing apparatus using a charged particle beam such
as an electron beam performs overlay drawing that draws a
new pattern overlaid on a pattern (to be referred to as a “shot
pattern” hereinafter) formed in each shot region of a sub-
strate (see Japanese Patent Laid-Open No. S62-144323).

In the overlay drawing, first, a substrate is moved based
on the designed array coordinate values of a plurality of shot
patterns, and positions when some of the plurality of shot
patterns are aligned to a reference position are actually
measured. Next, assuming the designed array coordinate
values of shot patterns and actual array coordinate values to
align have a unique relation including a predetermined error,
error parameters are decided such that the average deviation
between the plurality of measured values and the actual
array coordinate values to align is minimized. The actual
array coordinate values of the shot patterns are obtained
based on the error parameters and the designed array coor-
dinate values of the shot patterns. The substrate is positioned
in accordance with the actual array coordinate values, and a
new pattern is drawn.

In such overlay drawing, distortions (for example, expan-
sion/contraction and rotation) of shot patterns are also
measured as well as the actual array coordinate values of the
shot patterns. The distortions of shot patterns occur due to
factors of a lithography apparatus such as a drawing appa-
ratus when forming a pattern or due to deformation of a
substrate caused by a heat process when forming a pattern.

FIG. 5A is a view showing the array of 5 (rows)x5
(columns) shot patterns formed on a substrate SB. Actual
shot patterns SP are indicated by solid lines, and designed
shot patterns SP' are indicated by broken lines. FIG. 5B
shows a state in which overlay drawing is performed for the
substrate SB (actual shot patterns SP) by a drawing appa-
ratus including a plurality of charged particle optical sys-
tems CP1, CP2, and CP3. Referring to FIG. 5B, each of the
charged particle optical systems CP1 to CP3 emits 5
(rows)x5 (columns) charged particle beams to the substrate
SB. When a stage that holds the substrate SB is moved to the
upper side with respect to the charged particle optical
systems CP1, CP2, and CP3, the charged particle optical
systems CP1, CP2, and CP3 draw stripe regions S1, S2, and
S3, respectively (stripe drawing). In this stripe drawing,
multiple irradiation is performed for the same positions of
the substrate by the charged particle beams of the charged
particle optical systems which are arrayed in the substrate
moving direction. The irradiation is on/off-controlled,
thereby controlling the irradiating doses of the charged
particle beams on the substrate.

Each charged particle optical system includes a deflector
configured to deflect charged particle beams. This deflector
adjusts the positions of (drawing regions defined by) a
plurality of charged particle beams on the substrate at once.
In the stripe drawing, a new pattern is overlaid and drawn on
the shot patterns while adjusting the positions of the drawing
regions of the charged particle optical systems by the
deflectors based on the actual positions of the shot patterns
on the substrate.
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In overlay drawing, however, when the drawing region of
a charged particle optical system extends over shot patterns
adjacent in the substrate moving direction (that is, located on
both of two adjacent shot patterns), the following problem
arises. In fact, the shot patterns on the substrate are not
always periodically arrayed along the designed array coor-
dinates (that is, the positions of the shot patterns are shifted).
It is therefore necessary to perform drawing while adjusting
(correcting) the position of the drawing region with respect
to the shot patterns. However, when the drawing region of
a charged particle optical system extends over shot patterns
adjacent in the substrate moving direction, the position of
the drawing region of the charged particle optical system can
be corrected with respect to only one of the shot patterns.
Hence, before drawing for a preceding shot pattern is
completed, drawing for the next shot pattern cannot be
performed. For this reason, after drawing for a preceding
shot pattern is completed, the substrate needs to be moved
in an opposite direction by a distance corresponding to the
charged particle beams arrayed in the substrate moving
direction (a length along the substrate moving direction in
the drawing region) to perform drawing for the next shot
pattern. As a result, since the stage that holds the substrate
is discontinuously moved (that is, the stage cannot continu-
ously be moved in one direction), stage movement takes
time, and the throughput lowers. In addition, since stage
movement is complex, the reproducibility of stage position
control lowers, and the precision of relative alignment
between the charged particle beams and the substrate also
lowers.

SUMMARY OF THE INVENTION

The present invention provides, for example, a drawing
apparatus advantageous in terms of overlay precision and
throughput in performing drawing on a substrate with a
plurality of charged particle beams.

According to one aspect of the present invention, there is
provided a drawing apparatus for performing drawing on a
substrate with a charged particle beam, including a stage
configured to hold the substrate and be moved, a charged
particle optical system having a function of irradiating a
plurality of charged particle beams arrayed along a first axis
and of blanking at least a portion of the plurality of charged
particle beams, and a function of deflection of the plurality
of charged particle beams to perform displacement of the
plurality of charged particle beams on the substrate, and a
controller configured to control the drawing so as to perform
multiple irradiation of a target portion on the substrate with
the plurality of charged particle beams, wherein the control-
ler is configured to control the drawing such that the stage
is moved in one direction along the first axis with respect to
a plurality of regions formed on the substrate along the first
axis, and the deflection for the displacement along the first
axis is performed with respect to drawing on each of the
plurality of regions.

Further aspects of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view showing the arrangement of a
drawing apparatus according to an embodiment of the
present invention.



US 9,455,124 B2

3

FIG. 2 is a schematic view showing the arrangement of a
charged particle optical system of the drawing apparatus
shown in FIG. 1.

FIGS. 3A to 3C are views for explaining drawing pro-
cessing of the drawing apparatus shown in FIG. 1.

FIGS. 4A to 4C are views for explaining drawing pro-
cessing of the drawing apparatus shown in FIG. 1.

FIGS. 5A and 5B are views for explaining stripe drawing
in overlay drawing.

DESCRIPTION OF THE EMBODIMENTS

Preferred embodiments of the present invention will be
described below with reference to the accompanying draw-
ings. Note that the same reference numerals denote the same
members throughout the drawings, and a repetitive descrip-
tion thereof will not be given.

FIG. 1 is a schematic view showing the arrangement of a
drawing apparatus 1 according to an embodiment of the
present invention. The drawing apparatus 1 is a lithography
apparatus for performing drawing on a substrate by a
charged particle beam. In this embodiment, a pattern is
drawn on a substrate using a plurality of charged particle
beams emitted by each of a plurality of charged particle
optical systems. The charged particle beam is not limited to
an electron beam and may be, for example, an ion beam.

The drawing apparatus 1 includes a plurality of charged
particle optical systems (in this embodiment, three charged
particle optical systems, that is, a first charged particle
optical system 100A, a second charged particle optical
system 100B, and a third charged particle optical system
100C), a substrate stage 11, and a position detection system
12. The drawing apparatus 1 also includes a blanking control
unit 13, a processing unit 14, a deflector control unit 15, a
position detection processing unit 16, a stage control unit 17,
a first storage unit 18, a data conversion unit 19, a second
storage unit 20, and a main control unit 21.

Each of the first charged particle optical system 100A, the
second charged particle optical system 100B, and the third
charged particle optical system 100C emits a plurality of
charged particle beams. Each of the first charged particle
optical system 100A, the second charged particle optical
system 100B, and the third charged particle optical system
100C has a function of blanking at least some of the plurality
of charged particle beams. Each of the first charged particle
optical system 100A, the second charged particle optical
system 100B, and the third charged particle optical system
100C also has a function of deflecting the plurality of
charged particle beams and displacing them on the substrate.

FIG. 2 is a schematic view showing the arrangement of a
charged particle optical system 100 applicable as the first
charged particle optical system 100A, the second charged
particle optical system 100B, and the third charged particle
optical system 100C. The charged particle optical system
100 includes a charged particle source 101, a collimator lens
102, a blanking aperture array 103, an electrostatic lens 104,
a magnetic field lens 105, an objective lens 106, and a
deflector 107.

The charged particle source 101 is a thermionic charged
particle source including, for example, LaB, or BaO/W
(dispenser cathode) as a charged particle beam emitting
material. The collimator lens 102 is an electrostatic lens
configured to converge a charged particle beam by an
electric field. A charged particle beam emitted by the
charged particle source 101 changes to an almost parallel
charged particle beam via the collimator lens 102.
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The blanking aperture array 103 divides the almost par-
allel charged particle beam from the collimator lens 102 into
a plurality of charged particle beams by two-dimensionally
arrayed apertures (not shown). The blanking aperture array
103 includes an electrostatic blanking deflector (not shown)
capable of individually driving the plurality of charged
particle beams, and switches irradiation and non-irradiation
of each of the plurality of charged particle beams on the
substrate. Note that blanking (non-irradiation) of a charged
particle beam can be performed by an arrangement including
a deflector, as described above, but may be done by another
known arrangement.

The electrostatic lens 104 and the magnetic field lens 105
cooperatively form an intermediate image of the plurality of
apertures of the blanking aperture array 103. The objective
lens 106 is a magnetic field lens and projects the interme-
diate image of the plurality of apertures onto a substrate. The
deflector 107 deflects the plurality of charged particle beams
from the blanking aperture array 103 in a predetermined
direction at once, and changes the position of a drawing
region EA defined by the plurality of charged particle beams.

Referring back to FIG. 1, the substrate stage 11 holds a
substrate 10 and moves. The substrate stage 11 includes, for
example, an X-Y stage movable within an X-Y plane
(horizontal plane) perpendicular to the optical axis of the
charged particle optical system 100, and an electrostatic
chuck configured to hold (attract) the substrate 10. In
addition, a detector including an opening pattern where the
charged particle beams enter and configured to detect the
positions of the charged particle beams is arranged on the
substrate stage 11.

The position detection system (detection unit) 12 includes
an irradiation system configured to irradiate marks (for
example, alignment marks) formed on the substrate 10 with
light having a wavelength to which a resist (photoresist) is
not sensitive, and an image sensor configured to capture an
image of light specularly reflected by the marks, and detects
the positions of the marks.

The blanking control unit 13 individually controls the
blanking aperture arrays 103 of the first charged particle
optical system 100A, the second charged particle optical
system 100B, and the third charged particle optical system
100C. The processing unit 14 includes a buffer memory and
a data processing circuit, and generates control data of the
first charged particle optical system 100A, the second
charged particle optical system 100B, and the third charged
particle optical system 100C.

The deflector control unit 15 individually controls the
deflectors 107 of the first charged particle optical system
100A, the second charged particle optical system 100B, and
the third charged particle optical system 100C. The position
detection processing unit 16 specifies (calculates) the actual
coordinate values (positions) of shot patterns and distortions
of the shot patterns based on the output (detection result)
from the position detection system 12. The stage control unit
17 controls positioning of the substrate stage 11 in coopera-
tion with laser interferometers (not shown) configured to
measure the position of the substrate stage 11.

The first storage unit 18 is a memory configured to store
design graphic data corresponding to a pattern to be drawn
on the substrate 10. The data conversion unit 19 divides the
design graphic data stored in the first storage unit 18 into
stripes having a width set in the drawing apparatus 1,
thereby converting the data into intermediate graphic data to
facilitate drawing processing. The second storage unit 20 is
a memory configured to store the intermediate graphic data.
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The main control unit 21 includes a CPU and a memory
and controls the whole (respective units) of the drawing
apparatus 1. The main control unit 21 transfers the interme-
diate graphic data to (the buffer memory of) the processing
unit 14 in accordance with the pattern to be drawn on the
substrate 10, and generally controls the drawing apparatus 1
via the above-described respective units of the drawing
apparatus 1. In this embodiment, the blanking control unit
13, the processing unit 14, the deflector control unit 15, the
position detection processing unit 16, the stage control unit
17, the first storage unit 18, the data conversion unit 19, and
the second storage unit 20 are individually constituted.
However, the main control unit 21 may have those functions.

FIGS. 3A to 3C are views for explaining drawing pro-
cessing of the drawing apparatus 1. FIG. 3A is a view
showing an example of the array of a plurality of charged
particle beams which are emitted by the charged particle
optical system 100 and define the drawing region EA on the
substrate. In this embodiment, the plurality of charged
particle beams include 5 (rows)x20 (columns) charged par-
ticle beams. The row pitch is twice larger than the column
pitch. As described above, the charged particle optical
system 100 emits a plurality of charged particle beams
arrayed in a first direction (column direction) and a second
direction (row direction) perpendicular to the first direction.
The moving direction of the substrate stage 11 is a direction
from the upper side to the lower side of the drawing surface,
as indicated by the arrow in FIG. 3A.

In this case, the main control unit 21 controls whether to
irradiate the same position on the substrate with each of the
plurality of charged particle beams that are arrayed in the
column direction while continuously moving the substrate
stage 11, thereby performing the drawing. In other words,
the main control unit 21 controls the drawing so as to
perform multiple irradiation of a target portion on the
substrate with the plurality of charged particle beams.
Assume a case in which drawing is performed on the
substrate using the target charged particle beam array shown
in FIG. 3A such that a relation shown in FIG. 3B holds
between positions P1 to P6 on the substrate and the irradi-
ating doses (exposure doses) of the charged particle beams
at the positions P1 to P6 on the substrate. Assume that all
charged particle beams irradiate the substrate by the same
clock, the rows of the target charged particle beam array are
represented by j, k, 1, m, and n, and the substrate stage 11 is
continuously moved in the column direction at such a speed
that moves the substrate stage by the row pitch on a unit
clock basis.

In this case, when on/off of each of the charged particle
beams of the respective rows j to n of the target charged
particle beam array (that is, whether to irradiate the substrate
with the charged particle beams) is set (controlled) on a unit
clock basis as shown in FIG. 3C, a relation as shown in FIG.
3B is obtained. Referring to FIG. 3C, dotted lines corre-
spond to signals representing on (square) and off (no sym-
bol) of the charged particle beams of the rows j to n, which
irradiate the positions P1 to P6 on the substrate. This is
because the substrate stage 11 moves by the pitch of the rows
j to n of the target charged particle beam array in corre-
spondence with two unit clocks. The relation shown in FIG.
3B is obtained by adding the irradiating doses of the charged
particle beams of the rows j, k, 1, m, and n shifted by two unit
clocks. Since the charged particle beams arrayed in the
column direction control the tones of irradiating doses, the
relation is obtained only after all the charged particle beams
arrayed in the column direction end the drawing.
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A case will be explained with reference to FIGS. 4A to 4C
in which the drawing apparatus 1 performs drawing sequen-
tially on a first shot region SH1 and a second shot region
SH2 on the substrate which are adjacent along the moving
direction of the substrate stage 11. The substrate stage 11 is
assumed to be moved continuously to the lower side of the
drawing surface, as shown in FIG. 4A. The length of each of
the first shot region SH1 and the second shot region SH2 in
the moving direction of the substrate stage 11 is represented
by S.

The left illustration of FIG. 4A indicates a case where
overlay drawing is performed on (the first shot pattern
formed in) the first shot region SH1 of the substrate. A
drawing region EAs is defined by a plurality of charged
particle beams CB when starting drawing on the first shot
region SH1. The drawing region EAs is positioned by
causing the deflector 107 to deflect the plurality of charged
particle beams CB in the substrate stage moving direction
and a direction perpendicular to it based on the actual
position of the first shot region SH1 (first shot pattern). More
specifically, the drawing region EAs is positioned such that
out of the plurality of charged particle beams CB, charged
particle beams (second charged particle beams) CB1 located
at the opposite end of the moving direction of the substrate
stage 11 are located at an end EP1 of the first shot region
SH1. Note that the actual position of the first shot region
SH1 can be specified based on a result of detecting an
alignment mark formed on the first shot region SH1 by the
position detection system 12. For the direction perpendicular
to the moving direction of the substrate stage 11, the
plurality of charged particle beams CB may be positioned
(the position of the plurality of charged particle beams CB
may be adjusted) by moving the substrate stage 11. Refer-
ring to FIG. 4A, a charged particle beam indicated by a full
circle represents a charged particle beam capable of irradi-
ating the substrate 10, and a charged particle beam indicated
by an open circle represents a charged particle beam whose
irradiation of the substrate 10 is stopped (inhibited).

A drawing region EAm is a drawing region during draw-
ing on the first shot region SH1. All charged particle beams
CB that define the drawing region EAm are located in the
first shot region SH1. Irradiation with charged particle
beams located in the second shot region SH2 out of the
plurality of charged particle beams CB is stopped during
drawing on the first shot region SH1 in accordance with
movement of the substrate stage 11.

A drawing region EAe is defined by the plurality of
charged particle beams CB when ending drawing on the first
shot region SH1. Out of the plurality of charged particle
beams CB, charged particle beams (first charged particle
beams) CB2 located at the front end of the moving direction
of'the substrate stage 11 are located at an end EP2 of the first
shot region SR1 on the side of the second shot region SH2.
In addition, out of the plurality of charged particle beams
CB, charged particle beams other than the charged particle
beams CB2 are located in the second shot region SH2.

The right illustration of FIG. 4A indicates a case where
overlay drawing is performed on (the first shot pattern
formed in) the second shot region SH2 of the substrate. The
substrate stage 11 continuously moves even during the time
after the charged particle beams CB2 have reached the end
EP2 of the first shot region SH1 until drawing on the second
shot region SH2 starts. Hence, as shown in the right illus-
tration of FIG. 4A, a drawing region EAs’ needs to be
positioned such that the charged particle beams CB1 are
located at an end EP3 of the second shot region SH2 on the
side of the first shot region SH1 when starting the drawing
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on the second shot region SH2. At this time, in this embodi-
ment, the plurality of charged particle beams CB are
deflected in the moving direction of the substrate stage 11 by
the deflector 107, instead of moving the substrate stage 11 in
the opposite direction. For example, when starting drawing
on the second shot region SH2, the deflector 107 deflects the
plurality of charged particle beams CB in the moving
direction of the substrate stage 11 by the length (a length B
shown in FIG. 4A) of the drawing region EA in the moving
direction of the substrate stage 11. This can locate the
charged particle beams CB1 at the end EP3 of the second
shot region SH2 on the side of the first shot region SH1. In
addition, the drawing region is positioned by causing the
deflector 107 to deflect the plurality of charged particle
beams CB in the moving direction of the substrate stage 11
and the direction perpendicular to it based on the actual
position of the second shot region SH2 (second shot pattern).
Note that the actual position of the second shot region SH2
can be specified based on a result of detecting an alignment
mark formed on the second shot region SH2 by the position
detection system 12. For the direction perpendicular to the
moving direction of the substrate stage 11, the plurality of
charged particle beams CB may be positioned (the position
of the plurality of charged particle beams CB may be
adjusted) by moving the substrate stage 11.

In FIG. 4B, the solid line indicates the position of the
charged particle beams CB1 on the substrate when sequen-
tially performing drawing on the first shot region SH1 and
the second shot region SH2 of the substrate. FIG. 4B
employs the position on the substrate along the ordinate and
the time along the abscissa. In FIG. 4B, the dotted line
indicates the reference position of the charged particle
optical system 100 with respect to the continuously moving
substrate stage 11. When the deflection amount of the
charged particle beams CB by the deflector 107 is set as
shown in FIG. 4C, that is, so as to change in a serrated
pattern, the locus of the charged particle beams CB1 as
indicated by the solid line in FIG. 4B can be obtained.

As shown in FIG. 4A, out of the plurality of charged
particle beams CB, charged particle beams located in the
second shot region SH2 as the substrate stage 11 moves
during drawing on the first shot region SH1 are blanked. The
drawing is controlled such that after the end of the drawing
on the first shot region SH1 by the plurality of charged
particle beams, the plurality of charged particle beams in the
moving direction of the substrate stage 11 are deflected, and
drawing on the second shot region SH2 is then started.

In this embodiment, while the substrate stage moves by a
length S of a shot region in the moving direction of the
substrate stage, the deflector 107 deflects the plurality of
charged particle beams in the moving direction of the
substrate stage to change the position of the drawing region.
At this time, the plurality of charged particle beams are
deflected additionally by the length B of the drawing region
in the moving direction of the substrate stage. In other
words, the plurality of charged particle beams are displaced
in the moving direction of the substrate stage 11 during the
time from the end of drawing on the first shot region SH1 to
the start of drawing on the second shot region SH2. Note that
the plurality of charged particle beams are displaced by a
displacement amount based on the length of the plurality of
charged particle beams in the moving direction of the
substrate stage 11. At this time, the plurality of charged
particle beams may be displaced by a displacement amount
based on the position of the second shot region SH2 on the
substrate as well.
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As described above, the drawing apparatus 1 can perform
drawing sequentially on the shot regions of the substrate
adjacent along the moving direction of the substrate stage 11
while continuously moving the substrate stage 11 in one
direction (that is, without discontinuously moving the
stage). The drawing apparatus 1 can thus maintain a high
precision of relative alignment between the charged particle
beams and the substrate 10 without lowering the throughput
and the reproducibility of position control of the substrate
stage 11.

In this embodiment, a description has been made using
drawing on one shot region on a substrate as a unit.
However, the unit of drawing of the drawing apparatus 1 is
not limited to a shot region. For example, a chip region on
a substrate may be used as a drawing unit.

The drawing apparatus 1 is advantageous in performing
overlay drawing on a substrate using a plurality of charged
particle beams, and is therefore suitable for manufacturing
an article, for example, a micro device such as a semicon-
ductor device or an element having a fine structure. The
method of manufacturing an article includes a step of
forming a latent image pattern on a substrate with a photo-
resist applied on it using the drawing apparatus 1 (a step of
performing drawing on a substrate), and a step of developing
the substrate on which the latent image pattern is formed in
the above step (a step of developing the substrate on which
the drawing has been performed). The manufacturing
method can also include other known processes (for
example, oxidation, deposition, vapor deposition, doping,
planarization, etching, resist removal, dicing, bonding, and
packaging). The method of manufacturing an article accord-
ing to this embodiment is advantageous in at least one of the
performance, quality, productivity, and production cost of
the article, as compared to conventional methods.

While the present invention has been described with
reference to exemplary embodiments, it is to be understood
that the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
application No. 2013-095960 filed on Apr. 30, 2013, which
is hereby incorporated by reference herein in its entirety.

What is claimed is:

1. A drawing apparatus for performing drawing on a
substrate with a charged particle beam, the apparatus com-
prising:

a substrate stage configured to hold the substrate and be

moved;

a charged particle optical system having a function of
irradiating a plurality of charged particle beams arrayed
along a first axis, of individually blanking the plurality
of charged particle beams, and of deflecting at least a
portion of the plurality of charged particle beams to
perform displacement of the at least a portion of the
plurality of charged particle beams on the substrate;
and

a controller configured to control the drawing so as to
perform multiple irradiation of a target portion on the
substrate with at least a portion of the plurality of
charged particle beams,

wherein the controller is configured to control the drawing
such that the substrate stage is moved in one direction
along the first axis with respect to a plurality of shot
regions formed on the substrate along the first axis, and
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the deflection for the displacement along the first axis
is performed with drawing on each of the plurality of
shot regions as a unit, and

wherein the controller is configured to control the drawing

such that, during drawing on a first shot region of the
plurality of shot regions with at least a portion of the
plurality of charged particle beams, charged particle
beams, of the plurality of charged particle beams,
located in a second shot region, of the plurality of shot
regions, as the substrate stage is moved, are blanked,
and after the drawing on the first shot region with the
at least a portion of the plurality of charged particle
beams is ended, the deflection for the displacement
along the first axis is performed, and then drawing on
the second shot region with at least a portion of the
plurality of charged particle beams is started.

2. The apparatus according to claim 1, wherein the
controller is configured to control the drawing such that at
least a portion of the plurality of charged particle beams are
displaced on the substrate in a moving direction of the
substrate stage, by a

displacement amount based on a length of the plurality of

charged particle beams along the first axis, in a time
from an end of the drawing on the first shot region to
a start of the drawing on the second shot region.

3. The apparatus according to claim 2, wherein the

controller is configured to control the drawing such that the
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plurality of charged particle beams are displaced by the
displacement amount further based on a position of the
second shot region on the substrate.

4. The apparatus according to claim 1, wherein the
controller is configured to control the drawing such that the
at least a portion of the plurality of charged particle beams
are displaced on the substrate along a second axis orthogonal
to the first axis based on a position of the second shot region
on the substrate in a time from an end of the drawing on the
first shot region to a start of the drawing on the second shot
region.

5. The apparatus according to claim 4, wherein the
controller is configured to control the drawing such that the
at least a portion of the plurality of charged particle beams
are displaced on the substrate along the second axis by at
least one of displacement of the substrate stage and the
function of deflecting.

6. The apparatus according to claim 1, further comprising
a detector configured to detect a mark formed on the
substrate to obtain a position of each of the plurality of shot
regions.

7. The apparatus according to claim 1, wherein the
controller is configured to control the drawing such that an
amount of the deflection for the displacement along the first
axis changes with time in a sawtooth pattern with drawing
on each of the plurality of shot regions as unit.
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